Abstract. Electrical surgical devices may determine tissue damage through lateral thermal spread and activation of inflammatory processes. Several tissue effects are associated with the use of different surgical instruments. The aim of the present study was to compare tissue damage following the application of cold knife biopsy, bipolar electrocoagulation and the ultracision harmonic scalpel, through the analysis of inflammatory gene mediator expression. Three fragments of the round ligament (length 0.5 cm) were obtained from 22 females who had undergone total or subtotal laparoscopic hysterectomy using three different modes of resection: Cold knife biopsy, bipolar electrocoagulation and ultracision harmonic scalpel. The tissue fragments were examined by quantitative polymerase chain reaction (qPCR) analysis of selected cytokines. Gene expression analysis demonstrated large standard deviations due to individual variability among patients and indicated variability in the concentrations of cytokines in the three different samples. The quantity of cytokine mRNA in the cold knife biopsy samples was generally greater than those obtained by other techniques. Tumor necrosis factor-α expression was significantly higher in the sample obtained with the ultracision harmonic scalpel and bipolar electrocoagulation (P= 0.033) when compared with cold knife biopsy. The inflammatory response was analyzed by the quantification of gene expression through the use of qPCR. The ultracision harmonic scalpel and bipolar electrocoagulation triggered the inflammatory cascade and resulted in an increased production of cytokines compared with cold knife biopsy.
Introduction
The electrical devices used during surgery for dissection and hemostasis may cause a local temperature increase, which eventually produces injury to the surrounding tissues by a process of thermal diffusion. Heating of a tissue has different effects depending on the temperature reached. Edema and activation of inflammatory processes occur at 34-44˚C, shrinkage of collagen structure occurs at ~50-80˚C and cell wall rupture and carbonization occur at temperatures >100˚C (1) . The degree of lateral thermal spread and damage depends on the type of instrument used, electrical current intensity, time, electrode size and tissue conductivity (2, 3) . A previous study demonstrated that monopolar diathermy generates the highest temperature and thus results in marked lateral thermal spread (4) . Ultrasonic dissection was developed in the late 90's for endoscopic surgery to reduce the risk of electrosurgery-induced tissue damage and in particular thermal complications associated with the use of monopolar electrodes (5) . Lateral thermal spread is expected to be responsible for thermal damage. To evaluate lateral thermal damage, various methods have been proposed in previous studies, however, they often require demanding technical effort and long execution times (6, 7) . In particular, ultrasound, magnetic resonance, infrared camera, thermal imaging and histology techniques have been employed (6, 7) . Currently, no fast and accurate laboratory method is available to appropriately quantify the damage associated with the use of electrical instruments in surgery. Clearly, analytical procedures must be adapted to instrument type, nature and composition of the tissue to be analyzed. As a consequence, a deep understanding of the physiological processes that are altered according to the different surgical procedures is difficult. The aim of the present study was to compare the effects of bipolar diathermy and ultrasonic dissection in the surgical site, by employing a simple analytical procedure. The present study focused on one of the most relevant biochemical consequences of tissue damage: The activation of the inflammatory cascade and the production of inflammatory mediators, in particular tumor necrosis factor (TNF)-α, interleukin (IL)-1 and IL-6, produced by lymphocytes, macrophages, fibroblasts and endothelial cells. (qPCR) was applied, which provides a rapid high throughput method to monitor protein expression in cells or tissues. RNA from clinical samples can be easily isolated and the mRNAs of a selected protein can be quantified by amplification of its corresponding cDNA. Thus, the present study quantitatively determined cytokine production using, as tissue samples, fragments of the round ligament obtained from a homogeneous group of patients undergoing laparoscopic hysterectomy with different scalpels.
Materials and methods
Tissue samples. In total, 22 females who had undergone total or subtotal laparoscopic hysterectomy at the Department of Women's and Children's Health, Obstetrics and Gynecology Clinic, University of Padua (Padua, Italy) were prospectively selected. Patients with benign gynecological conditions, aged between 18 and 50 years were included. Patients with a history of malignancy, pelvic endometriosis (8), endocrine pathology (9), preoperative use (within 2 months from surgery) of anti-inflammatory drugs, corticosteroids, gonadotropin-releasing hormone analogues, hormonal drugs (10) and immunosuppressive agents were excluded from the present study. All cases of preoperative/intraoperative pelvic inflammatory disease were also excluded (11) . All subjects provided written informed consent previously approved by the local ethics committee. The present study was approved by the Institutional Review Board of the Ethics Committee of University of Padua. During laparoscopic hysterectomy, performed by the same surgeon, three fragments of the round ligament (length 0.5 cm) were obtained from each of the 22 patients. The three fragments corresponded to three different modes of resection: Cold knife biopsy, bipolar electrocoagulation and ultrasonic harmonic scalpel. Anthropometric parameters and blood cell count were recorded prior to surgery. Alterations in leukocyte concentration were monitored. Sampling was performed at the beginning of all interventions. The following surgical procedure was performed as previously described (12) . The time of application of electrical current or ultrasonic device was always equal to 4-6 sec and the setting of devices was 50 W for bipolar forceps and level 5 for harmonic scalpel. Samples were frozen at -80˚C and subsequently subjected to quantitative mRNA determination. The tissue fragment was analyzed by qPCR and specific cytokines were quantitatively determined (Table I) .
RNA extraction and reverse transcription. RNA extraction was performed using the SV total RNA Isolation kit provided by Promega (Madison, WI, USA). To begin the procedure, tissue samples were cut into small pieces with a sterile razor blade, weighed and suspended in the correct quantity of RNA lysis buffer (4 M GTC; 0.01 M tris, pH 7.5; 0.97% β-mercaptoethanol) with the addition of β-mercaptohetanol. The round ligament tissue was then treated with a small homogenizer until no visible tissue fragments remained. From this lysate, RNA extraction was performed according to the manufacturer's instructions.
The RNA concentration in the purified extract was determined by spectrophotometric UV absorption measurements at 260 nm using a Nanodrop 1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA).
For each sample, 1 mg of RNA was reverse transcribed into first-strand cDNA using the Transcriptor First Strand cDNA Synthesis kit (Roche Diagnostics, Indianapolis, IN, USA).
qPCR. Relative target protein mRNA quantification was evaluated by qPCR performed in a Roche LightCycler 1.5 (Roche Diagnostics) using a Light Cycler Fast Start DNA Master PLUS SYBR Green I kit (Roche Diagnostics). To normalize the data from different ligament samples, glyceraldehyde-3-phosphate dehydrogenase (GAPDH) transcripts were included as an internal control. For each reaction sample, 24 ng of cDNA was used as a template and correct primer pairs (see Table I ) were included at a final concentration of 50 nM. They were first denatured at 95˚C for 10 min and then subjected to 45 cycles of amplification (95˚C for 10 sec, 60˚C for 5 sec and 72˚C for 8 sec). The quality of the amplified products was checked by monitoring their melting profile. This was performed by continuously recording the SYBR Green I fluorescence signal while increasing the system temperature at a constant rate of 0.1˚C/s.
For each reverse transcription (RT)-qPCR reaction, software analysis (LightCycler software version 3.5; Roche Diagnostics) provided Cp (crossing point), which is defined as the cycle number at which the fluorescence signal starts to exponentially increase. Cp were determined according to the second derivative maximum method (13) .
Statistical analysis. Statistical analysis was performed using SPSS for Windows, version 19.0 (SPSS, Inc., Chicago, IL, USA). For comparison between groups analysis of variance was used. P<0.05 was considered to indicate a statistically significant difference.
Results
Patient characteristics. The mean age of the patients was 46.63±5.33 years. Eight (36.4%) patients were nulliparous and 14 (63.6%) were multiparous. None of the patients had relevant comorbidities. Four (18.1%) patients presented hypertension. The mean body mass index of the patients was 23 (range [19] [20] [21] [22] [23] [24] [25] [26] [27] . Twelve (90.9%) patients were hospitalized due to the appearance of menometrorrhagia, which was unresponsive to medical treatment and eight (36.4%) of these patients had an increase in uterine size due to fibromatosis, responsible for abdominal compression symptoms. In addition, two (9%) patients underwent surgery for endometrial hyperplasia. Ten (45.5%) patients underwent laparoscopic subtotal hysterectomy and twelve (54.5%) underwent total hysterectomy. All pre-operative blood count analyses were normal. Round ligament sampling was successful in all patients. All of these samples were treated to extract total RNA. In the samples corresponding to three patients it was not possible to extract a sufficient quantity of RNA to perform gene expression analysis, which was likely due to problems with sample storage.
Gene expression. To evaluate alterations in inflammation-associated protein production according to the applied experimental procedure, relative quantitative evaluation of gene expression was performed using the housekeeping gene GAPDH as an endogenous control gene. Additionally, the efficiency of target amplification reaction (E) was comparable for the control and all target sequences as confirmed by the dilution method (E=1.80-1.82, data not shown).
The alterations in gene expression compared with the control gene GAPDH (ΔCp) found for the samples of the round ligament obtained using cold knife (control), bipolar forceps and harmonic scalpel procedures are shown in Fig. 1 . The results, which correspond to the average values obtained for each gene expression in all the examined patients, exhibit large standard deviations due to individual variability of gene expression. However, it is useful to underline that in the series of tissue obtained by cold knife biopsy (Fig. 1A) the variability of results is reduced if compared with the other two series. Additionally, on average, ΔCp values determined in the samples obtained by bipolar diathermy or ultracision harmonic scalpel are generally greater than those found in tissues recovered by cold knife biopsy. This is indicative of a general overexpression of inflammatory mediators in tissues treated with the ultracision technique or bipolar forceps as compared with cold knife biopsy. However, statistical analysis demonstrated that only TNF-α is significantly different among the three sampling conditions and that the corresponding mRNA concentration is lower in tissue cut with the harmonic scalpel and bipolar forceps (P=0.033). The data are shown in Table II .
Correlation between bipolar electrocoagulation and ultracision harmonic scalpel. In order to compare the results relative to bipolar electrocoagulation and ultracision harmonic scalpel, samples obtained by the use of the cold knife technique were considered as a further control sample, which allowed us to apply the 2 -ΔΔCp method (14) . Using the ratio 
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2 -ΔΔCt for ultracision/2 -ΔΔCt for bipolar cutting, the relative gene overexpression caused by one technique over the other can be easily visualized. As shown in Fig. 2 , ultracision causes a partially higher production of cytokines compared with bipolar electrocoagulation, which is particularly evident for IL-1, TNF, IL-8, IL-11 and their respective receptors, as well as for inducible nitric oxide synthase and cyclooxygenase-2. However, this difference was not statistically significant (data not shown). This clearly reflects the high individual variability and the small number of analyzed patients.
Discussion
As reported by Harrell et al in 2004 (1) , the use of electrical tools was introduced in surgery in 1926, and is currently part of common surgical practice. However, this raises concerns predominantly associated with the possible occurrence of complications caused by lateral thermal spread and scattering power. The recent development of minimally invasive surgical procedures has significantly stimulated research towards new instrumental techniques able to improve dissection and hemostasis events and to allow improved post-operative outcome. Thus, on one hand, bipolar electrodes have been made more efficient and on the other, new devices have been produced, which are based on alternative energy sources, including ultrasound (harmonic scalpel). Previous studies have indicated that the ultracision harmonic scalpel reduces blood loss, operative time and hospitalization time (15, 16) . Additionally, due to its versatility, it can be effectively used in interventions that require good surgical practice, including cancer staging (17), minimal tissue trauma (when intraoperative frozen section analysis is necessary) (18, 19) and hemostasis, including during laparoscopic myomectomy (16) . The available data on the extent of thermal damage following ultrasound or electricity application, have demonstrated that thermal damage caused by the ultracision harmonic scalpel is generally lower than bipolar diathermy, however, the variables affecting damage remain extremely abundant (20) . The temperature recorded at the tips of the harmonic scalpel is slightly greater than in bipolar diathermy, however, the temperatures decreases more rapidly in the harmonic scalpel tips compared with the bipolar ones (4). In addition, the degree of damage varied with power setting. Perko et al (21) demonstrated that microscopic damage is more extensive when harmonic scalpel setting power 3 is applied for >10 sec and, for the same application time, when applied without interruption. For this reason, certain surgeons do not routinely use the harmonic scalpel setting to the power 5. The present study is based on the knowledge that surgery damage induces a series of hormonal, metabolic and inflammatory alterations proportional to the severity of tissue trauma (22) . An objective assessment of Data are expressed as the mean ± standard deviation. IL, interleukin; TNF-α, tumor necrosis factor-α; R, receptor; COX, cyclooxygenase; iNOS, inducible nitric oxide synthase; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
perioperative stress may be performed by measuring appropriate biochemical markers. The inflammatory response is greater following open surgery than laparoscopic surgery (23) and is significantly increased during the two days following surgery, as indicated by the high levels of IL-6 detected (24). As reported by Sietses et al (25) data from animal models on postoperative septic complications and tumor growth have demonstrated that preservation of immunological function, as occurring in the laparoscopic approach, may have significant clinical benefits. The inflammatory response not only triggers immunological mechanisms, but is also one of the most important causes of postoperative pain in patients who have undergone laparotomy surgery (26) . The evaluation of inflammatory responses associated with the use of different surgical devices may assist in supporting minimally invasive surgery and understanding the mechanisms involved in postoperative pain. In the current literature, analysis of inflammatory mediators has been performed on peripheral blood (27) . A study by Holub et al (22) demonstrated an increase in C-reactive protein, white blood cells, creatine kinase and IL-6 following laparoscopy, but did not highlight a significant difference between monopolar and bipolar electrosurgery compared with surgery performed using an harmonic scalpel. The systemic inflammatory response, however, is significantly affected by numerous factors, including surgery length and the use of drugs to induce and maintain anesthesia (28) . Evaluation of the systemic response can vary depending on the time between tissue trauma and the collection of peripheral blood as the half-life of cytokines varies between 6 min for IL-1, 20 min for TNF and 4-6 h for IL-6 (28) . In the present study, qPCR was performed on tissue samples, in order to evaluate the local response that occurs immediately following surgery, hence removing variables connected to time dependence. Our analysis confirmed a significant increase in cytokine expression in tissues cut with a traditional knife, as indicated by the expression of inflammatory mediators in the control samples. The present study demonstrated a wide variation in the expression of genes analyzed, however, statistical analysis verified that only one of the primary mediators of the inflammatory cascade, TNF-α, was significantly different among the three tissue samples. Instruments that use electricity or ultrasound energy cause more significant inflammatory protein production than cold knife biopsy. TNF-α is a pleiotropic inflammatory cytokine with local and systemic effects, and is considered a primary mediator responsible for inducing a cascade of cytokines. It increases expression of leukocyte adhesion molecules, stimulates production of IL-1 and chemokines and has procoagulant activity. Additionally, it promotes collagen synthesis and fibroblast proliferation (29, 30) . Our analysis of protein expression levels in samples obtained by three different surgical devices demonstrated that the new surgical instruments quickly activate the inflammatory cascade.
Notably, the present study demonstrated that the ultracision harmonic scalpel set to a higher power level does not cause greater damage than the bipolar forceps. It is reasonable that cytokine production is not significantly different in the two conditions for the given instrumental setting. These results are consistent with those obtained from blood analysis studies by Sietses (27) and Holub (22) . However, it should be noted that although qPCR is a highly reproducible technique, laboratory testing may be subject to variations primarily associated with mRNA damage produced by different sampling procedures. If tissue is not immediately frozen the RNA to be extracted may soon become damaged, thus producing samples of poor quality for quantitative analysis. Internal standardization reduces quantitative errors due to RNA degradation. The evidence that thermal damage is able to induce cell expression of inflammatory response genes led to the hypothesis that the energy use and type of energy used during surgery may affect post-surgical expression of different markers routinely monitored in the postoperative period.
From this hypothesis, it is possible to postulate that the type of energy used during surgery can affect postoperative serum value of certain female genitourinary biomarkers in benign (cancer antigen 125 and anti-mullerian hormones) and malignant diseases (cancer antigen 125 and human epididymis protein 4) (31) (32) (33) .
Focusing the attention on energy used during surgery in evaluating postsurgical outcomes by serum markers (as usually occur in surgical management of endometriosis) may be useful to solve the majority of discordant results and evidence affected by bias due to different energy used during surgery (34) .
In conclusion, in the present study the inflammatory response was analyzed by the quantification of gene expression through the use of qPCR. It was demonstrated that ultracision harmonic scalpel and bipolar forceps trigger the inflammatory cascade and result in an increased production of cytokines compared with cold knife biopsy. RT-qPCR represents a valuable technique to assess tissue damage following surgical trauma through quantitative evaluation of inflammatory response mediators. The results demonstrated that the principal inflammatory mediator was lower in the tissue fragment obtained using cold knife biopsy and no difference was identified in the activation of the inflammatory cascade between the harmonic scalpel and bipolar forceps. It remains to be elucidated whether the observed variability may become significant at different instrument settings, in particular with ultrasound device power 3. Further studies are required to investigate whether these alterations in the local inflammatory response affect postoperative morbidity.
